Arthroscopy of the ankle with micro-fracture technique is one way to initially treat symptomatic talar dome lesions. Human amniotic allograft has been used in similar bone, soft tissue and cartilage defects to aid in healing of tissue using graft cells that have not differentiated into a particular cell line. Patients were taken from the primary surgeon's practice to include those who had undergone arthroscopy with micro-fracture technique for treatment of a talar dome lesion less than 2 cm 2 . 101 patient surgeries were completed arthroscopically without additional major procedures. 54 surgeries were completed with human amniotic allograft; 47 were completed without (control group). Modified ACFAS ankle scores were taken pre-operatively, 3, 12 and 24 months post-operatively. Visual analog pain scores were taken pre-operatively and 24 months post-operatively. Results comparing pre-operative modified ACFAS scores between the control and graft groups were not significantly different (p = 0.14). There was a significant improvement in both groups' scores following ankle arthroscopy with micro-fracture as expected. However, the amniotic tissue group did significantly better when comparing the post-operative scores between the control and graft group. Pain scores comparing control and amniotic patient groups were significant (p < 0.001) with amniotic allograft patients achieving a greater improvement in pain reduction than the control both early and at 24 months. There were no complications, wound dehiscence or infections recorded. Combining ankle arthroscopy/micro-fracture technique with human amniotic allograft on talar dome lesions, less than 2 cm 2 , significantly improves the patients' pain and ACFAS scores.
Introduction
Osteochondritis dissecans (OCD) is a general term used for describing cartilaginous full-thickness defects of a joint surface. These osteochondral defects or trans-chondral fracture (TCF) can present acute or sub-acute and present as one of the most challenging conditions to treat in the ankle. As early as 1922, Kappis recognized and described osteo-chondral defects while talar dome fractures were first documented in 1932 by Rendu [1] [2] . Since 1959 when the Bernt and Hardy Classification system was presented, TCF can be categorized and usually attributed to a traumatic event. These kinds of fractures in the ankle can be problematic and difficult to treat, especially when they become symptomatic [3] [4] . A TCF that affects the talar dome is very difficult to treat in that the standard of care for TCFs smaller than 2.5 cm 2 has been open or arthroscopic debridement with subchondral drilling or micro-fracture technique to allow fibrocartilage and growth [5] . The authors, having used arthroscopy with micro-fracture technique extensively over many years and found initial results to be good, were looking to improve upon the technique being unsatisfied with patient's two-year outcomes.
Human amniotic allografts (HAA) were first used in a rudimentary form that was unrefined and not completely safe to use. It was used externally with fairly good results to heal burns, ulcers and open wounds to give the skin extra undifferentiated tissue to assist in rapid healing [6] - [11] . HAA were also used on conjunctiva defects of the eye in the early 1930's [12] . Internal use was documented in 1938 by Shimburg with use in the lumbar spine region [13] . Replacement of parietal peritoneum and joints were also among the later uses of HAA with generally good success [14] [15] . Initially there were complications associated with donor disease transmission and tissue application which rendered widespread use to be ineffective or problematic.
Over the last three decades, the technology and knowledge surrounding disease transmission have allowed the use of HAA to be safe and effective for a variety of procedures and medical fields. HAA for bone repair have had excellent success and limited complications associated with modern amniotic allografts. These cells are multipotent and antigenicity has been avoided due to the cells being undifferentiated [16] - [23] . The authors felt that modern HAA tissue in addition to micro-fracture would have more benefit in the healing process of a TCF than those patients who did not receive HAA and were treated with micro-fracture alone.
The authors have used amniotic allograft for other surgery applications and have so far encountered no adverse effects [24] [25] . They have applied it to calcaneal osteotomies with iliac crest grafts, trans-chondral fracture defects of the talus (TCF), tendon ruptures, high-risk fusions and high-risk wounds [24] - [26] . The authors were hopeful that the addition of HAA would improve the outcomes of the injury and assist in the ability to replace the typical fibrocartilage tissue with a greater quality hyaline cartilage [27] [28] . Although TCF of the talar dome is fairly rare compared to other locations and fractures that surround the ankle joint, the authors felt that a comparison of standard technique to the same with HAA was warranted and could assist the body of research surrounding human amniotic allografts.
Patients and Methods
The patients were chosen retrospectively from the primary author's (JJA) practice from January 2006 to March 2014. There were 832 patients that had an ankle scope to review, 345 of those had lesions less than 2 cm 2 on the talar dome. Patients were excluded based on availability of MRI scans, having a solitary and isolated lesion, patients lost to missing data or follow up times and whether the patient had another major surgery such as has peroneal tendon relocation or significant tibial, fibular, or talar exostectomy not done arthroscopically at the same time as the lesion repair. The patient's TCF also had to be reachable via arthroscopy and not composed of a multi-planar shoulder lesion of the talus. This brought the total number included in the study to 101 patients with a talar dome lesion less than 2 cm 2 . All patients had modified American College of Foot and Ankle Surgeons (ACFAS) scores taken by the medical staff and visual analog scores (VAS) taken by patient indication preoperatively and postoperatively at 3 months, 12 months and 24 months by the physicians and nursing staff. The pa-tients had MRI scans of lesions on their talar dome and did not have any other major surgeries at the time of surgically repairing the lesion. The included corresponding surgeries were more distal, minor procedures. All the data statistically analyzed with student's t tests and ANOVA. The control group consisted of 47 patients that had a talar dome lesion less than 2 cm 2 in size with no allograft. The HAA group had 54 patients with a talar dome lesion less than 2 cm 2 but incorporated a human amniotic allograft to assist in healing and regeneration of cartilage. All patients had to complete mandatory 4 week post-operative physical therapy. All patients were informed that they had a choice to receive a tissue allograft (HAA) and had informed consent regarding surgery, TCF, HAA tissue risks, alternatives and benefits. Patients were not randomized or blinded to the use of HAA. Four patients were not included due to lack of follow-up.
Surgical Technique
Standard medial and lateral portals were used, standardized with a uniform distraction technique. All limbs had thigh tourniquet used at 300 mm/hg. A pre-emptive proximal ankle block was standardized with all patients. The ankle had an inspection, and then a generalized synovectomy as indicated was done. As needed, a medial to lateral debridement and exostectomy of the anterior lip of the tibia was performed. Care was taken to assure that the tibial-talar interface had no residual kissing lesion remaining. The talar dome lesion was identified and compared to X-ray and MRI size and location (Figure 1) . A circumferential debridement was performed to the subchondral level (Figure 2) . A micro-fracture awl standard technique was used to perform micro-fracturing of the lesion. When used, liquid form HAA was applied directly to the lesion via needle technique and under direct visualization. Instruments were removed and portals were closed. The patient was then placed in an ankle stirrup splint until first post op visit.
Human Amniotic Allograft (HAA) Information
Human amniotic allograft has been commercially available over the last decade. Several different forms exist and are useful for different procedures and wound applications. The properties are generally the same, all containing multipotential stem cells, growth factors, atrophic proteins, hyaluronic acid, proteoglycans and collagen precursors [29] . There are some differences in live versus non-viable cells and also characteristics based on the contents of amnion and chorion. The process of separating the useful amniotic cells from the whole of the tissue creates a product that is multipotent and immune privileged. The donors are all screened before the tissue is taken to ensure that the safest materials are taken and there is no chance of disease transference. All donors are screened for HIV, hepatitis, HTLV and any other disease deemed necessary before tissue collection. The specific material used on the author's patient population was a cryopreserved liquid form of amniotic allograft 1 . It contains morselized amniotic membrane as well as other cells in the amniotic fluid of amniotic origin [30] . The product has not been identified to initiate an immune response in any variety of patients inserted into a variety of locations on the body [6] 
Results
The average age for the all patients were 46.6 (range 18 -81), 47.4for the allograft group and 46.0 for the control. There were 55 males (54.46) and 46 females (45.54). The average physical therapy for the control group pre-operatively is 5.0 weeks and 5.7 weeks post-operative. The average for the treatment group is 3.9 weeks preoperatively and 4.6 weeks postoperatively. There were no significant differences between the control and treatment groups' pre-operative and post-operative weeks in physical therapy (p = 0.011 pre-operative, p = 0.08 post-operative) as shown in Table 1 .
The average VAS scores for the control and HAA groups were 5.0 and 5.2 pre-operatively, respectively and 2.5 and 1.2 at 24 months post-operatively, respectively. There is no significant differences between the preoperative VAS scores (p = 0.35) but a significant difference in the post-operative VAS scores (p < 0.001). There is also significance when comparing the pre and post-operative scores together for the control group and HAA group (p < 0.001, p < 0.001 respectively) as shown in Table 1 .
The ACFAS averages for control and HAA groups were 74.4 and 73.4 for preoperative, 84.7 and 89.5 at 3 months follow up, 86.2 and 91.1 at 12 months follow up and 83.9 and 88.3 at 24 months follow up. The ACFAS scores were not significant between control and HAA pre-operative numbers (p = 0.293) but significant when comparing the control and HAA ACFAS scores at 3 months, 12 months and 24 months post-operatively (p < 0.001, p < 0.001, p < 0.001 respectively) as shown in Table 1 .
The total patient average width of the defect or bone edema from MRI scans was 1.9 cm but 1.3 cm intraoperatively. There was an average difference of 0.6 cm between the MRI and intra-operative size of the defect, with the MRI findings showing larger or equal in all but one case (p < 0.001).
There were two patients in the HAA group, when asked if they would do the procedure again to gauge satisfaction said they would not (1.9%) and 4 in the control group (4.0%). There were no complications or revisions needed for the surgery in either group. There were no adverse effects associated with the use of human amniotic graft. At the three year mark, 5 patients in the HAA group and 13 patients in the control group have had revision surgery.
Discussion
The use of HAA in repairing osteochondral bone tissue has been shown to be an effective treatment in specifically talar dome TCF's less the 2 cm 2 in size. A significantly statistical improvement post-operatively was found from the preoperative status between the control group without HAA and the treatment group with HAA. This showed statistically that the graft was beneficial in reducing pain of the area as shown by the visual analog scale as well as the theoretically improved movement and function of the joint indicated by the ACFAS scoring. The greater overall improvement from the averages of the preoperative score to the postoperative scores in the HAA patients than those that underwent surgery without a graft lends support to the use of HAA in osteo-chondral tissue repair. The difference in MRI to intra-operative lesion size is noted and warrants further investigation. The use of MRI pre-operatively is necessary to see the location of the lesion and gauge its size; however the validity of using the MRI as a tool of measurement is questioned. The authors recognize the need for further investigation with double-blind, randomized studies as well as a variety of applications to allow for more broad use of human amniotic allograft. The long-term improvement of the talus bone and the ankle joint with the use of an allograft may also have implications on joints elsewhere in the body. This study as well as other similar studies done may provide a stepping stone to more broad applications using HAA on other bone fracture locations and joints and may prove to be beneficial in supporting tissue healing and improved joint function throughout the body. The authors look forward to longer-term results in these comparison groups in the next 3 to 5 years.
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